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© Thin film transistor. 



© Thin film field effect transistors are disclosed 
having direct or near direct contact of the source 
and drain electrodes to the channel region. Inverted 
gate (Fig. 3d) and non-inverted gate (Fig. 4e) types 
are fabricated by forming metallic source and drain 
electrodes (54, 56'; 78, 80) within a layer of semi- 
conductor material (46; 68) in contact with the chan- 
nel region. The electrodes are formed by converting 
monocrystalline, polycrystalline or amorphous silicon 
regions to a refractory metal such as tungsten by 
(\j using a non-self-limiting metal hexafluoride reduction 
^process. The tungsten conversion process is iso- 
tropic and provides self-alignment of the source and 
1^ drain electrodes with the gate in the non-inverted 
Ogate TFT. The process is low temperature, allowing 
^the use of amorphous silicon as the semiconductor 
00 material. The transistors are especially useful for 
CO formation on large glass substrates for fabricating 
q large flat panel displays. 
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THIN FILM 



This invention relates to thin film transistors 
aid more particularly, to amorphous silicon, thin 
film field effect transistors having metallic 
source drain regions with low resistance. 

Thin film transistor technology is now the pre- 
ferred technology for use in active element ad- 
dressing of large area flat panel displays. A plural- 
ity of switching elements each made up of a thin 
film transistor are formed on an insulating substrate 
in a matrix configuration. The matrix of thin film 
transistors are used as switching elements for pix- 
els in liquid crystal, electroluminescence and elec- 
trochromic fiat panel display devices. In the manu- 
facture of fiat panel displays, the cost of silicon or 
quartz substrates is quite high. This is especially 
true for large displays having dimensions greater 
than 14 inches. Thus, in order to reduce manufac- 
turing costs, simple glass substrates have been 
investigated to replace silicon. However, the use of 
glass may present a problem when polysilicon is 
used as a semiconductor material in the thin film 
transistor. Typically, polysilicon requires deposition 
temperatures of 600* C which may adversely affect 
the glass to the point where it would begin to melt. 
For this reason, amorphous silicon is being widely 
researched as a semiconductor layer in the thin 
film transistors with glass substrates. The amor- 
phous silicon layer is formed by plasma enhanced 
chemical vapor deposition techniques at tempera- 
tures of 350 *C or less, which can generally be 
tolerated by the glass. Nevertheless, several 
drawbacks have developed in the fabrication of the 
prior art thin film amorphous silicon transistors. 
One of the main difficulties in this technology is the 
formation cf low resistance metallic contacts to the 
intrinsic amorphous silicon region. A second prob- 
lem that has arisen is with regard to the series 
resistance associated with the bulk amorphous sili- 
con. The aforementioned and other drawbacks of 
the prior art devices will be more fully described 
with reference to Figures 1 and 2. 

Figure 1 is a cross-sectional view of an in- 
verted gate thin film transistor 10 having a sub- 
strate 12 and a metal gate 14 disposed thereon. An 
insulator layer 16 is disposed on the substrate 12 
and gate 14. A layer of semiconductor material 18 
is disposed on the insulator layer 16. A second 
insulator layer 20 is disposed on the semiconductor 
layer 18 and source and drain electrodes 22 and 
24 are deposited in vias etched in the insulator 
layer 20. 

The thin film transistor shown in Figure 1 op- 
erates as an inverted gate field effect transistor by 
applying a voltage to the gate electrode 14. The 
application of the voltage causes a channel, in- 
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dicated at 26, to be formed between the source 
electrode 22 and drain electrode 24 at the interface 
of the insulator layer 16 and the semiconductor 
layer 18. In the inverted gate structure of Figure 1, 

5 the source and drain contacts 22, 24 are spaced 
from the channel 26 by a distance equal to the 
semiconductor layer thickness, which is generally 
in the range of 2000 angstroms. This spacing re- 
presents a significant additional resistance on the 

10 order of several meg ohms in the transistor which 
adversely affects device performance. In the prior 
art, the formation of the source and drain elec- 
trodes within the semiconductor layer could only 
be accomplished with the high temperature pro- 

75 cesses of ion implantation and diffusion. As stated 
above, high temperatures are not desirable when 
using glass substrates. In addition, if amorphous 
silicon is used as the semiconductor material, the 
resulting device would not function since the high 

20 temperatures involved in the ion implantation and 
diffusion would drive off the included hydrogen and 
the properties of the amorphous silicon would be 
lost. 

Figure 2 shows a cross-sectional view of a non- 
25 inverted gate thin film transistor having a glass 
substrate 28 and a semiconductor layer 30 dis- 
posed thereon. Source and drain contacts 32 and 
34 are deposited on the semiconductor layer 30 
and a gate insulator layer 36 is deposited over the 
30 semiconductor layer 30 and source and drain con- 
tacts 32 and 34. A metallic gate electrode 38 is 
deposited on the insulator layer 36 to complete the 
device. Similar channel contact problems exist in 
the device of Figure 2 as corner field effects inhibit 
35 contact and increase the resistance. 

In addition, the fabrication of thin film FETs 
requires an alignment of the gate with the source 
and drain electrodes. As shown in Figure 2, a 
portion of the gate 38 overlaps the source and 
40 drain electrodes. Critical alignment steps are nec- 
essary to ensure the gate sufficiently overlaps the 
source and drain electrode. This overlap is neces- 
sary in order to provide high transconductance 
between the source and drain electrodes. However, 
45 the source to gate and drain to gate overlaps are 
limited in extent to prevent the formation of large 
source to gate and drain to gate capacitances, 
which would create undesirable parasitic capacitan- 
ces. 

50 Accordingly, optimum FET performance has 
been achieved through stringent alignment of the 
metal electrode to the source and drain electrodes. 
This is especially true in the fabrication of a display 
system where small parasitics cannot be tolerated. 
In a practical manufacturing environment, such a 



10/11/06, EAST Version: 2.1.0.14 



3 



EP 0 334 052 A2 



4 



stringent alignment requirement is not easily com- 
plied with. Alignment for devices formed on large 
glass substrates are particularly difficult as the 
glass tends to warp during processing so that tran- 
sistors aligned on one area of the substrate will be 
misaligned on another area of the substrate. As a 
consequence, a typical manufacturing yield of a 
batch of thin film FETs tends- to be lower than 
desirable. 

Moreover, as with the device of Figure 1 , at- 
tempts to build devices having the source and 
drain formed within the semiconductor layer that 
encroach beneath the gate have been unsuccessful 
when using amorphous silicon on a glass substrate. 
Encroachment is effected by ion Implantation by 
diffusion which destroys the amorphous silicon 
properties. 

The present Invention is directed to a thin film 
field effect transistors in which the source and drain 
electrodes make direct contact with the channel 
region. In addition, the invention is directed a thin 
film field effect transistors having self-aligned 
source and drain electrodes with the gate elec- 
trode. The unique features of the invention are 
disclosed in both inverted gate and non-inverted 
gate type FETs. In addition, the invention is di- 
rected to a novel method of fabricating the inven- 
tive devices in which source and drain electrodes 
are formed within the semiconductor layer of a 
metallic material. 

The thin film inverted gate FET of the present 
Invention comprises a gate electrode layer dis- 
posed on a substrate. A first insulator layer is 
disposed on the substrate and the gate electrode. 
A semiconductor layer is disposed on the insulator 
layer and source and drain electrodes are formed 
within the semiconductor layer that substantially 
contact the channel region above the gate. The 
source and drain electrodes are spaced apart in 
the region above the gate electrode. The source 
and drain electrodes are formed by a unique metal 
reduction process that will be described in detail 
hereinafter. A second insulator layer is disposed on 
the semiconductor layer extending across the re- 
gion between the source and drain electrodes. The 
inverted gate thin film FET of the invention over- 
comes the deflciences of the prior art. In operation, 
upon switching on the channel by a suitable gate 
voltage, the direct or near direct contact of the 
source and drain electrodes to the channel region 
of high electron concentration results in a signifi- 
cant reduction in the resistance. 

The non-inverted thin film FET of the present 
invention comprises a semiconductor layer dispos- 
ed on a substrate. The gate insulator layer is 
disposed on a semiconductor layer and the gate 
electrode layer is disposed on the gate insulator 
layer. Source and drain electrodes are formed with- 



in the semiconductor layer such that the source 
and drain electrodes are spaced apart In a portion 
of the region below the gate insulator layer. As with 
the inverted gate transistor described above* the 

5 non-inverted gate thin film FET of the invention 
overcomes the deficiences of the prior art in that 
the contact afforded by the source and drain re- 
gions to the channel should be of a suitably tow 
resistance once the channel is switched on. 

10 The source and drain electrodes, for both the 
inverted and non-inverted gate thin film FETs of the 
invention are fabricated by using a metal hex- 
afluoride gas reduction process to convert the 
source and drain regions of the semiconductor 

75 layer in each device to a refractory metal. Specifi- 
cally, the process utilized is that disclosed in U.S. 
Patent Application Serial No. 157 026 of R.V. Joshi 
(hereinafter referred to as the Joshi process}, one 
of the co-inventors herein. The aforementioned 

20 Joshi application has been assigned to the same 
assignee as the present application and is incor- 
porated herein by reference. The Joshi process is 
a non-self-limiting refractory metal reduction pro- 
cess whereby a semiconductor layer is exposed to 

25 a metal hexafluoride gas under conditions of flow 
rate, pressure and temperature sufficient to render 
the reaction no longer self-limiting. In accordance 
with the process, silicon, whether in a monocrystal- 
line, polycrystailine or amorphous state, can be 

30 converted to a metal such as tungsten, in accor- 
dance with the reaction: 
2WF 5 + 3Si - 2W + 3SiF* t 

Pursuant to the Joshi process, by adjusting the 
chemical vapor deposition conditions under which 

35 the WFe gas is exposed to the silicon, such as flow 
rate, pressure and temperature, a thickness of 
semiconductor material larger than at which the 
reaction was previously known to be self-limiting, 
can now be completely converted to tungsten. The 

40 reaction can be performed at low temperatures, 
such as 350* C or less, and the resulting tungsten 
will have relatively low resistivity. Alternatively, the 
good control which can be achieved by this pro- 
cess can be used to stop the reaction after a 

4$ predetermined depth of conversion. Thus, in the 
case of the inverted gate thin film FET, the elec- 
trodes may be formed in the semiconductor layer 
while leaving a small buffer region separating the 
channel. This near direct contact will avoid possible 

so high field of problems in the gate-insulator- 
source/drain regions, but still maintain good chan- 
nel contact. In addition, the reaction is essentially 
100% selective in that insulator materials such as 
Si0 2 and Si 3 N* do not react at all and can be used 

55 as a mask for delineation. 

The use of the Joshi process to form the 
source and drain electrodes within the semiconduc- 
tor layer of the structures results in self-aligned 
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source to gate and drain to gate overlaps. Portions 
of the semiconductor material on both sides of the 
channel region are completely converted to tung- 
sten. In carrying out the conversion, the tungsten is 
caused to encroach under the gate oxide because 
the conversion is isotropic, i.e., the conversion of 
silicon to tungsten goes as wide as it does deep. In 
this way, the width of the channel region can be 
easily controlled. No expedients, such as gate 
sidewalls, are required since the silicon is directly 
converted to tungsten in a self-aligned manner. 

The direct channel contact and self-aligned 
TFTs of the present invention are made possible 
by the use of the Joshi low temperature, non-self 
limiting process. This is especially advantageous in 
the fabrication of a matrix of active elements for flat 
panel displays utilizing glass substrates which tend 
to distort during device fabrication. Thus, the effec- 
tive yield of the thin film FETs in accordance with 
the invention is greatly increased over the prior art. 

The invention is described in detail with refer- 
ence to the drawings in which: 

Figure 1 is a schematic cross-sectional view 
of a prior art inverted gate thin film field effect 
transistor. 

Figure 2 is a schematic cross-sectional view 
of a prior art thin film non-inverted gate field effect 
transistor. 

Figures 3a - 3d are schematic cross-sec- 
tional views of an inverted gate thin film FET of the 
present' invention showing sequentially the major 
fabrication steps. 

Figures 3e - 3h are schematic cross-sec- 
tional views of an inverted gate thin film FET of the 
present invention showing alternative embodiments 
of fabrication. 

Figures 4a - 4c are schematic cross-sec- 
tional views of a non-inverted thin film FET of the 
present invention showing sequentially the major 
fabrication steps. 

Figures 5a and 5b are schematic cross-sec- 
tional views of a non-inverted gate thin film FET of 
the present invention showing sequentially the ma- 
jor fabrication steps of an alternative embodiment. 

The present invention is directed to thin film 
field effect transistors of both the inverted gate and 
non-inverted gate type which have direct or near 
direct contact of the source and drain electrodes to 
the channel region. In addition, in fabricating one 
type of thin film FET of the invention, the source 
and drain electrodes are formed within the semi- 
conductor layer by a method which provides self- 
alignment with the gate electrode. The direct or 
near direct contact with the channel region signifi- 
cantly reduces the series resistance present in 
prior art devices thereby enhancing device perfor- 
mance. The seif-aJignment significantly reduces 
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production costs especially when several hundred 
thin film FETs of the invention are fabricated on a 
large glass substrate for use in a flat panel display. 
The fabrication of the thin film transistors (TFT) 

5 of the present invention utilizes the aforementioned 
Joshi non-self-limiting metal hexafluoride reduction 
process. This process, disclosed in U.S. Patent 
Application Serial No. 157 026 and incorporated 
herein by reference, converts semiconductor ma- 

w terlal to a refractory metal in a CVD process by 
exposing the semiconductor to a metal hexafluoride 
gas under conditions of flow rate, pressure and 
temperature sufficient to render the reaction non- 
seif-limiting. Thus, in accordance with the Joshi 

is process, thicknesses of silicon, whether mon- 
ocrystalline, polycrystalline, or amorphous, greater 
than the thickness at which the reduction process 
was heretofore known to be self-limiting, may be 
fully converted to a refractory metal such as tung- 

20 sten in accordance with the reaction: 
2WF 5 + 3Si -2W + 3SiF* t (1) 

Referring now to the drawings, Figures 3a - 3d, 
show the basic fabrication steps for forming an 
inverted gate TFT of the present invention. As 

25 shown in Figure 3a, an insulating substrate 40 is 
provided with a metal gate 42 and a insulator layer 
44 disposed on the substrate 40 and the gate 42. 
The insulating substrate 40 may be made of any 
undoped semiconductor material or of glass, such 

30 as Corning 7059. The metal gate pattern is defined 
by standard techniques such as by sputtering or 
evaporation and photolithography. Any metal suit- 
able for operating as a gate conductor may be 
utilized, such as. Mo, Ni, Cr, NiCr, Al, CrCu, and 

35 MoTa. The insulator layer 44 is deposited thereon 
by any known deposition method, such as chemi- 
cal vapor deposition. 

As shown in Figure 3b, a layer of semiconduc- 
tor material 46 is deposited onto the insulator layer 

40 44. The semiconductor layer is also deposited by 
standard deposition techniques. The semiconductor 
material in the illustrative embodiment of the 
present invention is made of silicon and may be in 
a monocrystailine state, a polycrystalline state or 

45 an amorphous state. For purposes of fabricating a 
large flat panel display, where the substrate 40 is 
made of glass, the preferred material for semicon- 
ductor layer 46 is amorphous silicon. Amorphous 
silicon is deposited by using silane gas and hence 

so the layer 46 will be hydrogenated. This deposition 
can take place in temperatures of 350 # C or less 
which are conditions favorable to the glass sub- 
strate. 

As shown in Figure 3c, a second layer of 
55 insulator material 48 is deposited on the semicon- 
ductor layer 46 and vias 50 and 52 are etched by 
any known technique such as dry or wet etching to 
expose source and drain regions 54 and 56 of the 

4 
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semiconductor layer 46. The structure shown in 
Figure 3c is then exposed to the metal hexafluoride 
gas in accordance with the aforementioned Joshi 
process to selectively convert the regions 54 and 
56 to a refractory metal. In the illustrative embodi- 
ment of the invention as shown in Figure 3d, the 
regions 54 and 56 are fully converted to the refrac- 
tory metal, such as tungsten, so that the regions 
form source and drain electrodes 54 and 56 that 
contact the channel region 58. A portion of the 
layer 46 extending over the metal gate 58 will be 
converted to tungsten as shown in Figure 3d. The 
thickness of the layers may vary widely pursuant to 
the particular application. As the Joshi process is 
non-self limiting, there is no limitation on the thick- 
ness of the semiconductor material to be con- 
verted. 

Alternatively, the depth of conversion of the 
regions 54 and 56 may be controlled by adjusting 
process parameters including the time of the reac- 
tion to stop the reaction after a predetermined 
depth of conversion. As shown in Fig. 3e, a spac- 
ing 54" and 56" is provided between the refractory 
metal electrodes 54" and 56" and the channel 
region 58. This spacing should be less than 500 
angstroms and may be as small as 1 00 angstroms. 
The spacing would avoid possible high field prob- 
lems in the gate insulator-source/drain regions 
while still maintaining good channel contact. 

In operation, once the channel is switched on 
by a suitable gate voltage, the direct or near direct 
contact by the refractory metal electrodes to the 
channel region of high electron concentration will 
result In a suitably low resistance. The resistance 
will be substantially less than the 4 meg ohms of 
the prior art device described above. Depending on 
the application and thickness of material converted 
to the metal source/drain electrodes, the resistance 
will be reduced to negligible amounts. By eliminat- 
ing the spacing in the prior art TFTs between the 
source and drain electrodes and the channel region 
In the amorphous silicon semiconductor layer, the 
bulk resistance of the amorphous silicon is no 
longer a significant factor. Thus, the use of the 
Joshi process to form the source and drain elec- 
trodes within the amorphous silicon layer signifi- 
cantly enhances device performance. 

An alternative embodiment is shown in Figures 
3f - 3h wherein after the device of 3b is formed, 
one large area via 60 is etched as shown in Figure 
3f. The entire substrate is then exposed to the 
refractory metal hexafluoride gas in accordance 
with the Joshi process to convert less than the full 
depth of the region 62 to the refractory metal 62'. 
As shown in Figure 3g, an unconverted region 63 
remains amorphous silicon. All of the metallic re- 
gion 62' is then etched away and an insulator layer 
64 is deposited above the gate 42. The remaining 



exposed unconverted amorphous silicon region 63 
is converted by the Joshi process to a refractory 
metal 65, such as tungsten, as shown in Figure 3h. 
Thus, the remaining amorphous silicon region 63 in 

s the device is selectively thinner thereby reducing 
adverse photoconductivity effects. In addition, the 
thickness of amorphous silicon 46, surrounding the 
device, remains at the original thickness which is 
desirable in a fiat panel display application to pre- 

70 vent short circuiting of the gate metal. 

Figures 4a - 4c show the basic fabrication 
steps for forming a non-inverted gate TFT of the 
present invention. As shown in Figure 4a, an in- 
sulating substrate 66 is provided and the layers 68 

/5 of semiconductor material, layer 70 of insulating 
material, layer 72 of semiconductor material and 
layer 74 of insulator material are all deposited 
sequentially by standard deposition techniques. 
The stacked structure of Figure 4a may be formed 

20 sequentially by plasma enhanced CVD in a single 
pump down. Subsequently, as shown in Figure 4b, 
a multilayer gate region 76 is defined together with 
source and drain regions 78 and 80 on either side 
of the gate region 76. Typically, two photolithog- 

25 raphic steps are required to define the gate, source 
and drain regions. There is no requirement that the 
alignment of these regions be critical and large 
tolerances can be built in. In the illustrative em- 
bodiment shown in Figure 4b, the gate region 76 

30 includes an insulating layer 82 disposed on the 
semiconductor layer 68 and a layer 84 of semicon- 
ductor material disposed on the insulating layer 82. 
As noted above, the insulating layers may be one 
of SiOa or S1 3 N* and the semiconductor layers 

35 may be crystalline or amorphous silicon. The in- 
sulating substrate may be any intrinsic semicon- 
ductor or a glass. 

The structure of Figure 4b is then exposed to 
the refractory metal hexafluoride gas in accordance 

40 with the aforementioned Joshi process under suit- 
able conditions such that both the gate layer 84 
and the source and drain regions 78 and 80 are 
converted simultaneously to the refractory metal. 
As shown in Figure 4c, under reaction 1, layer 84 

45 and regions 78 and 80 are converted to tungsten. 
Due to the selectivity of the reaction, the conver- 
sion of the gate layer 84 to tungsten will stop 
naturally at the gate insulating layer 82 interface. 
The depth of the source and drain conversion can 

so further be determined by time exposure. The con- 
version process is isotropic and proceeds laterally 
as well as vertically. Thus, a portion of the semi- 
conductor material 68 under the insulator layer 82 
will be converted to the refractory metal so that the 

55 process will provide self-aligned overlapping 
source and drain regions with the metal gate. The 
extent of the overlap will depend upon the depth of 
conversion of the source and drain regions. Typi- 
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cally, the overlap is in the order of one micron but 
can potentially be made as small as 1,000 ang- 
stroms. The self-alignment of the source and drain 
electrodes with the metal gate provides the proper 
alignment without the need for a expensive and 
time consuming optical alignment techniques pres- 
ently employed when depositing the metal gates In 
the prior art devices. This is especially useful when 
fabricating a multiplicity of TFTs on a large scale 
(greater than 14 inches) flat panel display matrix 
arrangement. In addition, the direct contact of the 
refractory metal source and drain electrodes 78 
and 80 to the channel region 86 results in a suit- 
ably !ow resistance once the channel is switched 
on, which, depending on the application, may be 
reduced to near zero. 

Figures 5a and 5b show an alternative method 
for fabricating the non-inverted gate TFT of the 
invention. A semiconductor layer 68 and an insula- 
tor layer 70 are deposited onto the glass substrate 
66 by PECVD. A metal gate 88 is formed on the 
insulator 70 by sputtering or evaporation. Typical 
gate metals are the same as described above for 
the metal gate of the inverted gate structure. As 
shown in Figure 5b, the metal gate 88 is then used 
as an etch mask to etch the source and drain vias 
90 and 92. The structure is then exposed to the 
Joshi process and regions 94 and 96 are selec- 
tively converted to the refractory metal. The self- 
aligned process is highly desirable and possibly 
even necessary in the fabrication of large area flat 
panel dispiays utilizing TFT technology. 

The thin film field effect transistors of the in- 
vention have a direct or near direct contact of the 
metallic source and drain electrodes to the channel 
region, which substantially reduces the series resis- 
tance of the transistors. The reduction In resistance 
significantly enhances device performance. The en- 
hanced performance greatly increases the range of 
applications of the TFTs of the invention especially 
for use in flat panel displays. 



Claims 

1. A thin film, inverted gate, field effect transis- 
tor comprising: 

a gate electrode layer disposed on a substrate; 
a first insulator layer disposed on said substrate 
and said gate electrode; 

a semiconductor layer disposed on said^ insulator 
layer: 

source and drain electrodes formed within said 
semiconductor layer of a refractory metal, said 
source and drain electrodes being spaced apart in 
the region above said gate electrode; 



a second insulator layer disposed on said semicon- 
ductor layer extending across the region between 
said source and drain electrodes. 

2. A thin film field effect transistor comprising: 
5 a semiconductor layer disposed on a substrate; 
a gate insulator layer disposed on said semicon- 
ductor layer; 

a gate electrode layer disposed on said gate in* 
sulator layer; and 
w source and drain electrodes formed within said 
semiconductor layer of a refractory metal, said 
source and drain electrodes being spaced apart in 
a portion of the region below said gate insulator 
layer. 

15 3. The thin film transistor of claim 1 or 2 

wherein the semiconductor layer is one of a mon- 
ocrystalline state, a polycrystalline state or an 
amorphous state. 

4. The thin film transistor of anyone of the 
20 claims 1 to 3 wherein the refractory metal is tung- 
sten. 

5. The thin film transistor of anyone of the 
claims 1 to 4 wherein the substrate is glass. 

6. The thin film transistor of claim 1 or anyone 
25 of the claims 3 to 5 wherein the source and drain 

electrodes formed within the semiconductor layer 
contact the insulator layer. 

7. The thin film transistor of claim 1 or anyone 
of the claims 3 to 5 wherein the source and drain 

30 electrodes formed within the semiconductor layer 
are spaced from said insulator region by a thin 
layer of said semiconductor layer. 

8. The thin film transistor of claim 1 or anyone 
of the claims 3 to 7 wherein the spacing between 

35 the source and drain electrodes and the insulator 
layer is in the range between 1 0 to 50 nm. 

9. A method of fabricating a self-aligned thin 
film field effect transistor comprising the steps of: 
providing a substrate having a layer of semicon- 

40 ductor material disposed thereon: 

forming a multilayer gate region on said semicon- 
ductor layer thereby defining source and drain re- 
gions of said semiconductor layer on either side of 
said gate region; 

45 selectively converting the source and drain regions 
of said semiconductor material to a refractory metal 
to form self-aligned source and drain electrodes 
spaced apart in a portion of the semiconductor 
material below said gate regions. 

50 10. The method of claim 9 wherein the mul- 

tilayer gate region is formed with a first layer of 
insulator material disposed on said semiconductor 
layer and a second layer of semiconductor material 
disposed on said insulator layer, and wherein said 

55 second layer of semiconductor material is con- 
verted to said refractory metal simultaneously with 
the conversion of said source and drain regions. 
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11. The method of claim 9 or 10 wherein the 
multilayer gate region is formed with a first layer of 
insulator material disposed on said semiconductor 
layer and a second layer of metal disposed on said 
first layer thereby forming a metal gate, and 
wherein said metal gate acts as a mask for defining 
the source and drain regions. 

12. A method of fabricating a thin film inverted 
gate field effect transistor comprising the steps of: 
providing a substrate having a gate electrode layer 
disposed thereon and a first insulator layer dis- 
posed on said electrode layer and said substrate; 
depositing a layer of semiconductor material on 
said insulator layer; 

depositing a second layer of insulating material on 
said semiconductor layer and etching source and 
drain vias in said second insulating layer to expose 
source and drain regions of said semiconductor 
layer; 

selectively converting the semiconductor layer ex- 
posed by said vias to a refractory metal to thereby 
form source and drain electrodes within said semi- 
conductor layer, said source and drain electrodes 
being spaced apart in the region above said gate 
electrode. 

13. A method of claim 12 comprising the steps 

of: 

providing a substrate having a gate electrode layer 
disposed thereon and a first insulator layer dis- 
posed on said electrode layer and said substrate; 
depositing a layer of semiconductor materiai on 
said insulator layer; 

depositing a second layer of Insulating material on 
said semiconductor layer and etching a via in said 
second insulating layer to expose a region of said 
semiconductor layer; 

selectively converting the region of said semicon- 
ductor layer exposed by said via to a refractory 
metal to a depth less than the total thickness 
thereof; 

etching the refractory metal to expose a thin layer 
of semiconductor material and depositing a third 
layer of insulating material above the gate elec- 
trode to define source and drain regions on either 
side of said third layer; and 
selectively converting the source and drain regions 
to a refractory metal to form metallic source and 
drain electrodes. 

14. The method of anyone of the claims 9 to 
13 wherein the semiconductor layer is converted to 
a refractory metal by exposing the semiconductor 
layer to a refractory metal hexafluoride gas. 

15. The method of claim 14 wherein the metal 
hexafluoride gas is WFe and the source and drain 
electrodes are converted to W. 

16. The method of claim 14 or 15 wherein the 
layer of semiconductor material has a thickness 
greater than the thickness at which the reaction 



between said semiconductor and said refractory 
metal hexafluoride is self-limiting and wherein the 
semiconductor layer is exposed to the metal hex- 
afluoride gas under conditions of flow rate, pres- 
5 sure and temperature sufficient to render said reac- 
tion no longer self-limiting. 

17. The method of anyone of the claims 12 to 
16 wherein the entire thickness of the semiconduc- 
tor layer is converted to said refractory metal so 

10 that said source and drain electrodes contact said 
first insulating layer. 

18. The method of claim 17 wherein the source 
and drain electrodes contact channel region within 
the insulating layer sufficiently to reduce a series 

is resistance therein to near zero. 

19. The method of anyone of the claims 12 to 
16 wherein less than the entire thickness of the 
semiconductor layer is converted to said refractory 
metal so that said source and drain electrodes are 

20 spaced from said first insulating layer. 
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